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This is a scene over southeastern Texas and southwestern
Louisiana acquired by the advanced very high resolution radiometer
(AVHRR) on board NOAA-7, which is one of the family of Polar
Orbiting Environmental Satellites, on April 18, 1983, This image is
composed of the first two of the five channels available on the
NOAA=-7 AVHRR. Channel 1 covers the green-red portion of the
visible spectrum, and channel 2 covers the near-infrared portion of
the spectrum. Channel 2 is displayed as red, and channel 1 is
displayed as green and blue. The other three channels available on
the AVHRR (not displayed in this image) are in the thermal portion
of the spectrum. Areas which are deep red and magenta in color are
oak-hickory-pine forests; red and pink colors are native vegetation
and agricultural areas. Clouds and water appear in their natural
colors. The varying tones of blue in the inland lakes and western
portion of the Gulf of Mexico are due to sun glint, while the varying
shades of blue in the eastern Gulf are due to turbidity. The
Dallas-Fort Worth metropolitan area (blue-green in color) can be
seen in the extreme top left portion of this image; the Houston
metropolitan area is visible in the bottom left (northwest of
Galveston Bay). Marsh Island and the Atchafalaya Bay area can be
seen in the bottom right, On the right side of the image is the Red
River Basin with its meandering tributaries and agricultural areas.

AVHRR data have provided an efficient and inexpensive source
of data for agricultural monitoring, condition assessment, and
change detection to augment existing satellite, aircraft, and ground
technologies,
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PREFACE

The AgRISTARS program was initiated in fiscal year 1980 in
response to an initiative issued by the U.S. Department of
Agriculture, Led by the USDA, the program is a cooperative effort
with the National Aeronautics and Space Administration, the
National Oceanic and Atmospheric Administration of the U.S.
Department of Commerce, the U,S. Department of the Interior, and
the Agency for International Development of the U.S. Department
of State.

The program goal is to determine the usefulness, cost, and extent
to which aerospace remote sensing data can be integrated into
existing or future USDA systems to improve the objectivity,
reliability, timeliness, and adequacy of information required to carry
out USDA missions.,

The program is well underway, with encouraging progress having
been made in fiscal years 1980,* 1981,* 1982,° and 1983 (as
documented in this report). The outlook is that aerospace remote
sensing will contribute to USDA information needs in a significant
way and, more generally, that the AgRISTARS effort will advance
this technology for use in other areas of national need.

* AgRISTARS Annual Report - Fiscal Year 1980; AP-J0-04111,
National Aeronautics and Space Administration (NASA), Lyndon B.
johnson Space Center (JSC), June 1981,

'rAgRISTARS Annual Report - Fiscal Year 1981; AP-]2-04225,
NASA/]JSC, January 1982,

SAgRISTARS Research Report - Fiscal Year 1982; AP-]2-0393,
NASA/]SC, January 1983,
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I. PURPOSE

The purpose of this report is to
present the major objectives and
accomplishments of the Agriculture and
Resources Inventory Surveys Through
Aerospace Remote Sensing (AgRISTARS)
program and its eight component
projects during fiscal year (FY) 1983,

This report includes an introduction
to the overall AgRISTARS program, a
general statement on progress, and
separate summaries of the activities of
each project, with emphasis on the tech-

nical highlights. Organizational and
management information on AgRISTARS
is included in the appendixes, as is a
complete bibliography of publications
and reports. Additional information may
be obtained from:

AgRISTARS Program Management Group
Code SC
NASA-Lyndon B. Johnson Space Center
Houston, Texas 77058
Telephone: 713-483-2548
(FTS: 525-2548)

é’"'i“ﬁ*’:f—z,' S

Inventory Surveys Through

b

AgR

Agriculture and Resources

%
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2. INTRODUCTION

AgRISTARS is a long-term program
of research, development, test, and eval-
uation of aerospace remote sensing to
meet the needs of the U.S. Department
of Agriculture (USDA). The program is a
cooperative effort of: the USDA; the
National Aeronautics and Space Adminis-
tration (NASA); the U.S. Department of
Commerce (USDC) through the National
Oceanic and Atmospheric Administration
(NOAA); and the U.S. Department of the
Interior (USDI). In addition, the Agency
for International Development (AID)
participates as an ex officio observer and
potential future user agency.

In 1978 the Secretary of Agriculture
issued an initiative,” in response to

which the participating agencies estab-
lished the AgRISTARS program. In 1980
the program was initiated as an effort
based on satisfying current and future
requirements of the USDA for high-
priority agricultural and other renewable
resources type information. This infor-
mation is important to the USDA in
addressing national and international
issues on supply, demand, and competi-
tion for food and fiber.

T)oint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural Programs,
February 1978,
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The overall goal of AgRISTARS is to
determine the feasibility of integrating
aerospace remote sensing technology
into existing or future USDA data acqui-
sition systems. Determining feasibility
depends upon the assessment of numer-
ous factors over an extended period of
time. Determinations of the reliability,
costs, timeliness, objectivity, and ade-
quacy of information required to carry
out USDA missions are planned in the
program. The overall approach consists
of a balanced program of remote sensing
research, development, and testing which
addresses a wide range of information
needs on domestic and global resources
and agricultural commodities.

In this initiative the USDA identified
the following seven information require-
ments:

e Early warning of change affecting
production and quality of com-
modities and renewable resources

e Commodity production forecasts

e Land use classification and measure-
ment

e Renewable resources inventory and
assessment

e Land productivity estimates

e Conservation practices assessment

o Pollution detection and impact eval-

uations

Based on these information require-
ments, as well as on a specific immedi-
ate need for better or more timely infor-
mation on crop conditions and expected
production, the AgRISTARS technical
program was developed. It consists of
eight projects which address all seven of
the USDA information needs with a clear
emphasis on the first two, early warning

AgRISTARS PROJECTS

EARLY WARNING
AND

CROP CONDITION

ASSESSMENT

INVENTORY
TECHNOLOGY
DEVELOPMENT

SUPPORTING
RESEARCH

DOMESTIC
CROPS AND
LAND COVER

MANAGEMENT

CONSERVATION AND
POLLUTION

RENEWABLE
RESOURCES
INVENTORY

PROGRAM

YIELD
MODEL
DEVELOPMENT




of change and commodity production
forecasts. The eight projects include the
following:

Early Warning and Crop Condition
Assessment (EW/CCA)

Inventory Technology Development
(ITD)

Supporting Research (SR)

Yield Model Development (YMD)

e Soil Moisture (SM)

e Domestic Crops and Land Cover
(DC/LC)

e Renewable Resources Inventory (RR1)
e Conservation and Pollution (C/P)

Even though each project has its
specific set of objectives, the projects
are interrelated both through mutuality
of data needs and through much common
technology.



3. PROGRAM SUMMARY

The AgRISTARS program has been
underway for 4 years. During this time
significant progress has been made in
evaluating, analyzing, and using various
types of remote sensing data for
agricultural applications.

Research conducted by the
AgRISTARS projects has been evaluated
by USDA agencies, and selected tech-
niques have been incorporated into the
domestic and foreign operational crop
production estimation programs. During
FY 1983, the AgRISTARS program
focused on three areas: technology
transfer, basic research, and evaluation
of the NOAA satellites.

Technology Transfer

The USDA Statistical Reporting
Service (SRS) used acreage estimates
generated from Landsat multispectral
scanner (MSS) data to support U.S. crop
estimates. Acreage estimates for seven
states - Arkansas, Colorado, Illinois,
lowa, Kansas, and Missouri - calculated
by combining Landsat MSS with ground
data, were twice as efficient as
estimates using ground data alone;
projected costs per state associated with
using Landsat data have been drastically
reduced, thereby enhancing Landsat's
utility to domestic crop production
estimation.

e A revised wheat yield reduction
model was transferred to the Foreign
Agricultural Service (FAS) and tested
in both the USSR and China. Model
results compared favorably with non-
satellite data sources.

® FAS also used the Crop Estimation
through Resource Environment
Synthesis (CERES) winter wheat
model to produce operational yield
estimates for the USSR.

The CERES-maize model was used in
real time (1983 crop season) to
evaluate the U.S. corn crop and the
impact of the drought on corn yield.

The Soil Conservation Service (SCS)
is reviewing Landsat change detec-
tion techniques for possible use in the
National Resource Inventory (NRI)
program.

The USDA Forest Service placed con-
siderable emphasis on transferring
remote sensing techniques to field
users by conducting several advanced
remote sensing and photo interpreta-
tion workshops.

Results from 14 international basins
indicate that the accuracy of the
snowmelt-runoff model (SRM) for
simulating seasonal water vyield
{volume) is 97 percent and for daily
flows is 85 percent. This model is
ready for conversion to operational
forecasting.

Vegetation indices developed in
AgRISTARS, using the Landsat MSS
or the NOAA advanced very high
resolution radiometer (AVHRR), are
used operationally by estimating and
forecasting groups in USDA, NOAA,
and AID.

Principal Technical Accomplishments

A  major technical interchange
meeting was held between
AgRISTARS participants and other
government and non-government
researchers on the use of the NOAA
satellites AVHRR for agricultural
applications.

Methods to estimate precipitation,
daily temperature extremes, canopy
temperatures, insolation, and snow




cover from meterological satellites
are in the final phases of testing and
evaluation.

Continued evaluation of thematic
mapper (TM) data for crop identifica-
tion, land cover separability, and
forest species discrimination has
shown that TM data can discriminate

to levels 1l and 1l of the U.S.
Geological Survey (USGS) land cover
categories, The TM's improved

accuracy is attributed to better
spatial and radiometric resolution,
improved wavelength (band) cover-
age, and better signal-to-noise (S/N)
ratio.

Improved spectral and spatial resolu-
tion of TM offers the potential to
separate important soil properties
even in regions with similar soils and
under a dense vegetation canopy.

A soybean phenology (growth stage)
model was developed and tested. The
results indicate that the model will
generate reliable estimates of
soybean growth stages over a wide
range of climatic conditions.

Agroclimatic reference handbooks
were prepared for Argentina, Brazil,
and Australia.

Microwave remote sensing of bare
soil produced repeatable and
quantifiable results regardless of
geographic location and sensor
system used, thereby demonstrating
the potential of microwave remote
sensing for estimating soil moisture
over large areas.

The Multiresource Inventory Methods
Pilot Test (MIMPT) was completed.
The MIMPT demonstrated the poten-
tial use of Landsat data for conduct-
ing recurrent forest inventory and
assessment activities over large
areas.

o Preliminary data analysis during
FY 1983 indicated that some conser-
vation practices could be successfully
detected in Landsat TM data, but a
number of existing practices are of
such size and definition that present
sensors and standard techniques can-
not detect them with great accuracy.

e A new hydrologic model has been
developed to incorporate remote
sensing information from various
sensors for water resources manage-
ment. This model will be field tested
in FY 1984,

Major Research Focus During FY 1983

During FY 1983 a major part of the
research effort focused on the use of the
NOAA polar-orbiting satellites for agri-
cultural monitoring and condition assess-
ment. The NOAA satellites have
AVHRR's onboard that collect data in
the visible, infrared, and thermal bands.
The spectral response of the visible and
near-infrared bands is similar to bands 5
and 7 on the Landsat MSS. The AVHRR
continuously scans the globe at a resolu-
tion of 1 kilometer. The 1-kilometer
data is aggregated automatically to a
resolution of 4 kilometers onboard the
satellite in order to conform to data
storage constraints. About 10 minutes of
selected higher resolution T1-kilometer
data can be stored onboard during each
orbite The advantage of the NOAA
satellites for monitoring vegetation is
that they provide daily observations,
while Landsat has a repeat time of 16
days. Problems with cloud cover are
much less severe with daily observations.
The trade-off for daily coverage is reso-
lution. Only a small part of the Earth
can be observed daily at the full 1-kilo~
meter AVHRR resolution; daily global
coverage is obtained at a 4-kilometer
resolution.

During FY 1983, basic research was
conducted on improving the processing



efficiencies of the AVHRR data through
cloud screening techniques, geometric
rectification, registration, scan angle
corrections, and swath width studies
(fig. 1)« Additional studies investigated
the use of the thermal bands for estima-
tion of precipitation, temperature,
surface evaporation, and ocean water
reflectances.

In the applications area, various
daily, global, and composite vegetation
indices (VI's) were produced (fig. 2) and
used within the assessment groups at
USDA, NOAA, and AID.

FPigure 1.- NOAA AVHRR image of the Southern United States. This image product

18 the western half of a full AVHRR scan.

It 1llustrates the effects of scan

angle on data distortion. The Winter Wheat belt of Oklahoma and Kansas is the
red area in the central portion of the image.
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Figure 2.- Progression of
severe drought in the Orinoco
and Mehta River Basing of
Columbia and Venezuela during
early 1983. This new opera-
tional product of aggregated
AVHRR daily data ie avatilable
weekly and ie designed to give
analysts a quick-look of the
overall environmental trends.

The browns in Columbia and
Venezuela document the dessi-
cation of the grasslands that
was associated with EL Nino of
1982-83. Also noticeable is
the greenness contrast between
the two nations of Haiti and
the Dominican Republic on the
Island of Hispaniola. The
cause of the lower greenness
in Haiti (westerm end of the
is8land) is due to severe
deforestation (less than 2% of
the country remains as forest)
and subsequent erosion.



The AVHRR was able to track catas-
trophic or large area events - Mexico's
El Chicon volcano eruption, drought in
the African Sahel, and reductions in the
water level of Lake Chad, and a massive
phytoplankton bloom off the northeast
coast of Australia (fig. 3).

The NOAA polar-orbiting satellites
have provided an efficient, inexpensive
source of data for agricultural monitor-
ing, condition assessment, and change
detection to augment existing satellite
and ground technologies.

Figure 3.- NOAA-8 image of phytoplankton bloom off northeast coast of
Australia. This image was taken in December 1983 of a portion of the Great
Barrier Reef. The chlorophyll greenness signature being exhibited by this
mase of eingle-celled blue-green algae covered about 30,000 square kilometers
of the Capricorn Channel off the coast of Queensland, Australia. The
greenness of this phytoplankton bloom equals that measured for soybeans
previously. Water depths in this region are generally less than 100 feet over
a coralline sandy bottom. The entrapment of this phytoplankton concentration
in the Capricorn Channel is probably related to entrainment in a warm-core
gyre being spun out of the Coral Sea, a normal occurrence in this region

during the Southern Hemisphere summer.
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4. PROJECT TECHNICAL HIGHLIGHTS

Technical highlights of the eight
AgRISTARS projects are given in this

section. Project overview, FY 1983
objectives, and accomplishments are
discussed.

4.1 EARLY WARNING/CROP CONDI-
TION ASSESSM ENT

The EW/CCA research project is
designed to develop remote sensing tech-
nology and crop simulation models that
provide early warning of actual or poten-
tial plant stress and that provide alerts
for optimal crop conditions. The project
activity includes development and test-
ing of techniques for monitoring and
assessing conditions that may impact
crop production in foreign and U.S.
areas. Major commodities for which
technology is being developed include:
small grains (wheat and barley), corn,
soybeans, sorghum, sunflowers, and
cotton,

This project will assist
the USDA in tracking the
condition of major crops
in the United States and
foreign countries.

Techniques using data from

EARLY WARNING OF CONDITIONS AFFECTING CROPS
satellites to measure the
effects of drought on crops

are well developed, and the =
areas of the crops affected -
can be accurately meas-

ured. Other types of crop

stress are also being

studied.

o
-

Technology developed in the EW/CCA
project will be transferred to elements
within USDA, For example, the
USDA/FAS is responsible for providing
early warning of changes that may affect

crop production in foreign countries and
for assessing crop conditions in general,
They have provided research require~
ments and have requested that specific

technology be transferred to their
Foreign Crop Condition Assessment
Division.

The EW/CCA project is managed by
the USDA Agricultural Research Service
(ARS) with participation by NASA,
NOAA, and other USDA agencies.

4.1.1 Technical Objectives
The FY 1983 objectives were:

e To continue development and evalua-
tion of various simulation models and
satellite data to provide timely alerts
of abnormal conditions on a global
basis.

e To provide improved definition of the
relationships between plants and their
environment and factors affecting
the growth cycle.

e To determine and quantify relation-
ships between factors such as crop
stress, the environment, and spectral
responses.

e To investigate the utility of multi-
sensor data for agricultural applica-
tions and to improve the capabilities
for using NOAA satellite data for
indicating and monitoring crop
conditions.

4.1.2 Crop Stress Indicator Models
Models are being developed, tested,
or improved to provide information

concerning crop stress.

A satellite, agronomic, and meteoro-
logical (SAM) data base for Missouri,
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North Dakota, and South Dakota was
developed to test and evaluate the
accuracy of the wheat, corn, and sor-
ghum stress indicator models. The SAM
data base was established using ground-
truth information obtained from the
USDA/SRS weekly crop weather bulle-
tins, plus data extracted from the
EW/CCA geographic data base. The
stress models track crop phenology and
soil water status and provide stress
alerts, Each component is being evalu-
ated for accuracy and for relationships
among available soil water, crop phenol-
ogy, stress alerts, and various vegetative
indices computed from satellite data.
The crop stage model components appear
to be quite accurate for corn (fig. 4).
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Figure 4.- Comparison of model-
estimated corn phenology with ground
data.

However, the spring wheat phenology
component (Robertson's crop calendar)
appears to estimate inaccurately crop
phenology after the heading stage
(fig. 5)e This conclusion is based on
limited testing; additional testing is
continuing, and modifications will be
made to improve the model's accuracy.

Efforts continued toward the devel-
opment of a meteorologically driven
stripe rust indicator model and spectral
responses associated with rust-infected
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Figure 5.- Comparison of model-
estimated wheat phenology with
ground data.

wheat and barley. Figure 6 illustrates
the influence that rust has on spectrally
derived VI values [(channel 7 - chan-
nel 5)/(channel 7 + channel 5)] computed
from data collected with a handheld
radiometer. Spectral VI's began to
decrease soon after wheat plants were
inoculated with rust spores. As the

MONTANA RUST DISEASE STUDY

EXOTECH RADIOMETER
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Figure 6.- The effect of leaf rust
on remotely sensed vegetation index
numbers during the growing season
for wheat.



plants matured and the disease level
increased, VI values became increasingly
smaller than those from nondiseased
plants. This provided evidence that crop
conditions may be monitored from satel-
lite platforms for the presence of disease
if favorable conditions exist for disease
outbreaks. The meteorologically driven
rust indicator model should provide
information suggesting which moisture
conditions are favorable for rust epi-
demics. Since good moisture conditions
must exist for rust outbreaks to occur, a
decline in VI numbers may be attributed
to disease and not to drought.

A conceptual design was developed
for a harvest loss wheat model based on
3 years of field and laboratory studies

conducted in North Dakota. The model
will provide information relative to
sprouting, quality, and vyield loss. A

major problem associated with model
development is the inability to determine
drying rates following a period of precip-
itation. Humidity measurements, if
available from first order weather sta-
tions, would be useful in predicting the
dry-down rate.

4.1.3 Condition Assessment

Major modifications were made to a
wheat yield reduction model developed in
1982, The revised model was transferred
to FAS and tested in both the USSR and
China. Figure 7 illustrates the results
obtained for three major winter wheat
producing provinces in the North China
Plain. The model suggests that the po-
tential for yield reductions was greater
in 1982 (53 percent) than in 1983
(42 percent). Reports from China verify
that better yields were obtained in 1983
than in 1982. Additional testing of this
model will be accomplished using the
SAM data base and ARS experimental
plot data from various research locations
in the United States.
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Figure 7.- Estimated 1982 and 1983
wheat yield reduction potentials for
major wheat provinces in China.

A crop water stress index (CWSI) was
calculated for cotton plants exposed to
different early season irrigation treat-
ments. It was responsive to plant water
status, attaining minimum values follow-
ing an irrigation and then increasing
gradually as plants depleted soil moisture
reserves. The final yield of seed cotton
was significantly and inversely corre-
lated with the average midday CWSI
observed over a 3-month fruitsetting
interval. This information can be used to
establish guidelines for using infrared
thermometry for scheduling cotton irri-
gations and for quantifying the magni-
tude and duration of stress between irri-
gations in order to achieve the appro-
priate balance between vegetative and
reproductive patterns of growth.
Infrared thermometry provides several
important advantages over conventional
approaches for quantifying stress and
monitoring yield potential. It is a rapid,
nondestructive technique which can be
used to survey large acreages in a cost
effective fashion while circumventing
many of the sampling problems associ-
ated with point measurements.

In 1982 the EW/CCA project reported
that Landsat VIN's of native rangelands
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could be used to monitor drought stress
in adjacent croplands. Continued
research in 1983 suggests that Vl's com-
puted for all picture elements (pixels)
within a segment may provide drought
stress information similar to that of
native rangelands (fig. 8). The results
show that VI's computed for rangeland
areas and those for all pixels within the
segment followed similar patterns
throughout the season and that both
trajectory curves respond to increasing
or decreasing crop moisture index
levels, These findings suggest that
NOAA-AVHRR satellite data (1-kilo-
meter resolution) can provide adequate
information to monitor crop moisture
stress in the U.S. Great Plains or in other
semiarid regions of the world.
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Pigure 8.- Seasonal tragjectories
depieting rangeland and total scene
vegetation indices (AVI) and the
erop moisture index.

4.1.4 Crop/Spectral Research

Techniques are being developed and
tested to incorporate spectral indicators
of vegetation development and growing
conditions into agrometeorological
growth and yield models. For example,
interrelations exist between leaf area
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index (LAIl), intercepted photosyntheti-
cally active radiation (IPAR), yield, and
spectral Vl's derived from remote obser-
vations of plant canopies.

Spectrally derived Vi's can be used to
estimate LAl and IPAR for use in plant
growth/yield model algorithms developed
from experimental data. Relationships
between yield and Vl's can provide inde-
pendent checks for agrometeorological
growth and yield model outputs.

The reflectance of solar radiation by
the soil background complicates the
discrimination of vegetation by remote
sensing. To study this effect, dry and
wet reflectance data, for 20 soils cover-
ing a wide range in spectral properties,
were obtained with a handheld radio-
meter. Principal components analysis
was used to study the distribution of soil
spectra in four-dimensional space and to
define a mean soil line. Analysis of the
mean soil line showed that it was not
possible to discriminate bare soil from
low vegetation densities. Greenness
measurements were shown to be sensi-
tive to both soil type and soil moisture
condition. In contrast, the use of indi-
vidual soil lines as a base to measure
greenness minimized soil background
influence and improved vegetation
assessment, particularly in the case of
low green plant canopy covers. These
results show the importance of using
specific soil spectra in vegetation
discrimination.

In another study, spectral reflectance
at two wavelengths (0.55 and 0.65 milli-
meters) was investigated using single
leaves of fertilized and nonfertilized
buffelgrass. Chlorophyll concentration
and nitrogen content were less in nonfer~
tilized leaves than in leaves receiving
more than 112 kilograms of nitrogen per
hectare. Significantly higher reflectance
values, at the 0.,55-millimeter wave-
length, were measured from nonfer-
tilized than from fertilized leaves.



Nonfertilized plots could also be dis-
tinguished from fertilized plots using
color-infrared aerial photography. These
results indicate that leaf reflectance
measurements may be useful for esti-
mating protein content and green bio-
mass production of buffelgrass.

Reflectance measurements of
Produra wheat fields were made at 13
different times of the day at Phoenix,
Arizona, using a handheld radiometer
with bandpass characteristics similar to
those of the Landsat MSS. The major
objective was to determine the effect of
changing sun angles on the reflectance
properties of canopies in various phe-
nological stages and with different levels
of green leaf area index (GLAI). Results
indicated that diurnal changes in each of
the four Landsat wavebands and several
indices derived from them are related to
canopy architecture, percentage of
cover, and vertical distribution of green
leaves within the canopy. Multispectral

data acquired under differing sun
altitude and azimuth angles contain
important information regarding the

three-dimensional distribution of plant
material which can be extracted to
determine phenological stage of growth
or to estimate levels of stress. Addi-
tional analysis showed that substantial
errors could be introduced into the
estimate of GLAI from spectral observa-
tions if the diurnal patterns of reflec-
tance caused by changing sun angles are
not properly incorporated.

When plants are stressed because of
insufficient water, both physiological and
geometric changes occur, thereby in-
creasing the complexity of the interpre-
tation of spectral data. To study these

effects, spectral responses in eight
wavebands (three visible, two near-
infrared, two wmid-infrared, and one

thermal-infrared) were measured by
repetitively traversing a radiometer over
several rows of cotton. After an initial
measurement the stems of one row were

cut at a point just above the soil. The
subsequent dessication of plants within
this row was followed by comparing re-
flectance and emittance of the row with
that of a control row. Measurements in
all wavebands reacted rapidly to stress,
with the visible and thermal-infrared
showing a larger change than the near-
infrared. Reflectance changes caused by
canopy geometry changes were appar-
ently greater than those caused by leaf
physiological and anatomical changes in
all but the visible red band. The increase
in red reflectance was attributed to a
rapid decrease in absorptance by leaf
chloroplasts. As expected, the radio-
metrically determined plant tempera-
tures increased with time after the
stress was imposed. These results dem-
onstrate that canopy geometry changes
caused by stress must be accounted for if
plant water stress is to be quantified
using reflectance measurements,

4.1.4 Aircraft and Satellite
Investigations
Aircraft
Three black-and-white video
cameras, each fitted with different

narrowband filters, were used together in
an aircraft to obtain information about
agricultural crop and soil conditions.
Inflight information was recorded on
video equipment, and upon landing, the
video tapes were ready for television
(TV) displays and computer image
analysis. Variations in reflective
characteristics of landscape features
were clearly evident between wavebands.
False color composites, made using the
computer image analysis system, were
similar in appearance to color infrared
photographs. These results suggest that
a modified color video camera system
and appropriate narrowband filters can
enhance the information needs of agri-
cultural managers in near real time. The
TV formatted outputs of video systems
make them a natural for transmission of
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images over electronic agricultural
information networks of the future.

Combined Sensors

Linear combinations of spectral bands
form physically significant VI's, Indices
comprised of two and four bands have
been used to discriminate vegetation
from soil background. A procedure for
calculating vegetation indices using any
number of bands was evaluated. Reflec-
tance values were obtained for each band
for each sensor. Vl's were calculated for
various band combinations for the
several sensors, and their dynamic ranges
for a 0- to 100-percent change in vegeta-
tion were compared. A six-band VI cal-
culated using six of the TM bands had the
greatest dynamic range, followed closely
by two five-band and one four-band index
from the same sensor. The two-band
index using bands 4 (near-infrared) and 7
(mid-infrared) of the TM had a greater
dynamic range than any band combina-
tion of the other four satellite sensors.
The four-band index of the Landsat-4
MSS and the three-band index of the
French satellite SPOT were similar. The
two-band indices from the AVHRR sen-
sors on NOAA-6 and NOAA-7 changed
less with vegetation changes than did the
other three. This development means an
improved ability to discriminate and
evaluate vegetation from remote
platforms.

NOAA Satellites

During the past year extensive work
has been initiated on the use of the
NOAA satellites for agricultural
monitoring. Two locations have been
principal contributors to this research.

Camp Springs, Maryland
Part of the AgRISTARS effort under

way at the NOAA National Environmen-
tal Satellite, Data, and Information
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Service (NESDIS) is to develop products
from operational meteorological satellite
data that will supplement ground-based
weather observations for agricultural
monitoring. Meteorological quantities
that are needed for crop models and that
can be produced from satellite data
include estimates of precipitation, daily
temperature extremes, canopy tempera-
tures, insolation, snowcover, and Vli's.

The NOAA polar-orbiting satellites
have AVHRR's onboard that make obser-
vations in the visible band (channel 1,
0.58 to 0.90 millimeters) and in the near-
infrared band (channel 2, 0.73 to 1.10
millimeters). The spectral responses for
these bands are similar to responses for
bands 5 and 7 on the Landsat MSS.

The reflectance of green vegetation
in the visible part of the spectrum is low
(20 percent or less) but is much higher
(50 to 60 percent) in the near-infrared.
Other surfaces, such as water, bare
ground, and clouds have reflectances
that are nearly the same in the two
bands. Thus, the difference between
measurements in channels 1 and 2 is a
sensitive indicator of vegetation. The
differential reflectance of vegetation in
the visible or near-infrared was used
with MSS data to estimate crop acreage,
to study the distribution and condition of
vegetation, and to detect plant stress.
The advantage of the NOAA satellites
for monitoring vegetation is that they
provide daily observations while Landsat
has a repeat time of 16 days. Cloud
obscuration of the areas of interest is
much less of a problem with daily obser-
vations. The trade-off for daily cover-
age is resolution. Only a small part of
the Earth can be observed daily at the
full 1-kilometer AVHRR resolution; daily
global coverage is obtained at 4-kilo-
meter resolution.

Examples of an experimental VI pro-
duct are shown in figures 9 and 10.



Figure 9.- Northern Hemisphere composite AVHRR image of the normalized

difference vegetation index [(channel 2 - channel 1)/channel 2 + channel 1)]
for August 23-29, 1982.
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Figure 10.- Northern Hemisphere composite AVHRR image of the normalized
difference vegetation index [(channel 2 - channel 1)/channel 2 + channel 1)]

for March 21-27, 1983.
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These are Northern Hemisphere, polar-
stereographic mapped images of the
normalized difference [(channel 2 -
channel 1)/(channel 2 + channe!l 1)]
vegetation index. The greener the scene,
the darker the image and the higher the
VIl value, which ranges between 0.1 and
0.6 for most vegetation. The images
were generated from  4-kilometer
AVHRR observations made during the
week of August 23-29, 1982, and March
21-27, 1983, The data were mapped each
day into a 1024- x 1024-pixel polar
stereographic array and composited over
a 7-day period by saving the greenest
observation for each array point.
Atmospheric effects, such as Rayleigh
and Mie scattering and subpixel clouds,
reduce the radiance in channel 2 relative
to channel 1 and reduce the value of the
data. Saving the greenest observation
over the 7-day period minimizes cloud
and atmospheric effects and throws out
high nadir-angle observations in favor of
straight~down looks. The disadvantage
of saving the greenest observation is that
it can bias the sampling toward the
greener vegetation (forest, irrigated
land, etc.). The usefulness of this
product for monitoring global agriculture
is being evaluated by units of NOAA and
USDA.

Insolation, the primary energy source
for growing crops, is used in numerical
models for estimating crop vield, poten-
tial evaporation, and soil moisture. The
amount of solar radiation reaching the
surface is determined by the transmit-
tance. Under overcast conditions, up to
60 to 70 percent of incident solar radia-
tion may be reflected to space and
another 10 to 15 percent absorbed within
the cloud. The satellite directly
observes the reflected component of the
incident radiation, so satellite measure-
ments in the visible part of the spectrum
are directly related to insolation at the
surface, The NOAA Geostationary
Operational Environmental  Satellite
(GOES) is the preferred data source for

satellite estimates of insolation because
its repeated observations throughout a
day allow tracking of changing cloud
conditions. Where geostationary data
are not available, techniques using polar
orbiter data have been developed.

An insolation method has been
developed that uses hourly GOES visible
data to estimate hourly insolation. The
technigue involves regression against
observed target brightness as measured
by GOES, and the known brightness of
the target under clear conditions. The
difference between these two quantities
is a measure of cloudiness. Hourly
estimates are summed to give a daily

total insolation, which is the measure
used in agricultural models. Figure 11
shows a comparison of satellite esti-

mates of daily insolation against pyrano-
meters. These data are for satellite
estimates colocated with selected sites
in the NOAA pyranometer network.
Insolation estimates are currently being
made and archived for all of the United
States and for agriculturally important
areas in Mexico and South America.
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Figure 11.- Observed daily total
insolation versus satellite esti-
mates using hourly GOES data.
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Canopy temperature, shelter temper-
ature, dewpoint temperature, and daily
maximum and minimum temperatures
are all needed for use in crop and soil
moisture models. Surface temperature
has a high spatial variability which
contributes to crop forecasting errors
where observations are sparse and not
representative of the whole region.
Quantities derived from satellite data
are area averages. For large agricultural
areas a single satellite estimate may be
more representative than two conven-
tional observations within the area.

The approach chosen to obtain tem-
peratures for agricultural monitoring is
through the operational atmospheric
soundings. The enhanced sounding
processing provides temperature and
moisture soundings for 3- by 3-pixel
arrays of the high resolution infrared
radiation sounder 2 (HIRS/2) instantan-
eous fields of view (IFOV's) giving a
ground resolution of about 75 kilometers
at nadir. Canopy temperature is simply
the moisture corrected brightness
temperature observed in an atmospheric
window channel of the HIRS/2. If the
radiating surface of the Earth is covered
with vegetation, then the surface is a
plant canopy. Of course, the IFOV for
the HIRS/2 is so large that the radiance
measured is from a mixture of surface
types (water, bare soil, crops, and native
vegetation).

Shelter and dewpoint temperatures
are obtained by regression using the
Television Infrared Observation Satellite
(TIROS) operational vertical sounder
(TOVS) data and sounding products as
predictors in the equations. Figure 12
shows satellite estimates of shelter
temperature compared with observed
values from NOAA-6 soundings. The
results shown are for clear and partly
cloudy conditions during spring and
summer. The error increases for cloudy
retrievals {(microwave) and during the
winter.
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Figure 12.- Shelter temperature
plotted against satellite estimates
for clear and partly ecloudy
retrievals for April through July
1981.

Estimates of maximum and minimum
temperatures are obtained by regression
against shelter temperature, local solar
zenith, and cloud cover. The overpass
times of the daytime polar orbiter
(NOAA-7) at 0230 and 1430 local time
are near optimum for estimating the
daily maximum and are good for esti-
mating the minimum.

Since the maximum and minimum
temperature estimates are liable to
considerable error, the experimental
temperature product being prepared for
USDA is a blend of satellite and surface
temperature observations, with greater
weight given to the conventional meas-
urements., The satellite values enter the
field where conventional data are sparse.

As part of the agricultural monitoring
program, interactive and fully automated
techniques are being developed for
analysis of precipitation over major crop
growing regions. A manual method was



developed into an interactive method
which uses mapped NOAA AVHRR data,
climatic rainfall analyses, and convec-

tional cloud and rainfall observations
from the global telecommunications
system. The objective is to obtain a
more accurate distribution of daily

rainfall than was previously possible with
convectional raingauge data. A meteor-
ologist analyzes a cloud type field based
on interpretation of the rain clouds
observed in the visible and infrared
satellite imagery. The computer uses
the climatic rainfall analyses and global
regression equations to estimate the
rainfall between satellite passes. An
example of a field of precipitation

estimates superimposed on cloud imagery
is shown in figure 13,

Figure 13.- A field of precipitation
estimates superimposed on cloud
imagery for a mapped AVHRR scene.

A second method uses similar input
data on a more automatic approach
where the AVHRR infrared temperatures
are converted directly into precipitation
estimates. In this method, the analyst
edits the resulting precipitation field. In
the two procedures discussed above, the
most important responsibility of the
meteorologist is to interpret and analyze
for the development or dissipation of
rain clouds during the 6- or 12-hour
period between passes.

The third technique developed uses
hourly GOES infrared images for auto~
matically tracking and measuring the
growth of convective cloud systems. The
estimates are automatically generated
for crop growing regions and are trans-
ferred for climatic adjustments and
editing on interactive equipment,

Houston, Texas

Considerable effort has been made to
develop a practical method of computer
screening cloud-contaminated pixels
from satellite data. A simple Fortran
subroutine has been developed that can
quickly and efficiently perform a
hierarchical classification of NOAA-7
AVHRR data into clouds, haze, water,
bare soil, and vegetation. The subroutine
uses data from all five AVHRR bands in
a hierarchical series to obtain the classi~
fication results. The approach allows the
subroutine to adjust automatically for
time of year and scene location. Bands 3
and 4 are used to detect the presence of
haze. Bands 1 and 2 are used to detect
clouds and to classify cloud-free data
into water, bare soil, and vegetation.
The approach developed for NOAA-7
AVHRR data should be amendable to
other satellite-sensor systems.

The increase of atmospheric haze
caused by volcanic eruptive products, as
measured by the NOAA-7 AVHRR data,
was demonstrated. Prevailing nadir
atmospheric transmission, measured on
the ground at Weslaco, Texas, before the
El Chicon volcano eruption was 0.686,
and afterward it was 0.611. This
represents a decrease of 10.9 percent
(fig. 14). The decrease of atmospheric
transmission measured on the ground
agreed with increases of NOAA-7
AVHRR digital count minimum (DCM)
values in the visible and infrared bands
obtained over the Gulf of Mexico. The
DCM's ranged from 17 to 37 before, as
compared to a range of 45 to 116 after,
the eruption. These results demonstrate
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Figure 14.- Prevailing nadir atmospheric transmission, ground-measured, and
NOAA AVHRR minimum digital counts before and after the El Chichon Voleano

eruptions.

the importance of monitoring NOAA-7
AVHRR DCM's for transient atmospheric
haze effects that could potentially
interfere with early warning crop stress
detection activities.

Another study researched the effects
of solar illumination, view angle, and
non-Lambertian surfaces on NOAA
AVHRR sensor data. Figure 15 summar-
izes the results of applying geometric
and solar corrections to the data.
Results indicate that useful greenness
information can be derived using data up
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to about 512 pixels either side of nadir.
The effect of non-Lambertian surfaces
becomes apparent when considering the
angle differences between insolation and
the satellite viewing vectors. It is
suggested that the increased shadowing
with increasing pixel numbers plays a
significant role in the interpretation of
data from non-Lambertian surfaces. The
findings also show that solar zenith
corrections (dividing AVHRR data by the
cosine of the sun zenith angle) are not
necessary when computing vegetation
index numbers (VIN's).
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EVI's illustrate the atmospheric and
illumination geometry effects.
Simulated data were derived using
Dave's data set.

Figure 15.- Geometric and solar correction of NOAA AVHRR data.
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4.2 INVENTORY TECHNOLOGY
DEVELOPMENT/SUPPORTING
RESEARCH

The general objectives of the ITD/SR
projects during FY 1983 were to
research, develop, and test space remote
sensing technology in order to better
understand the characteristics of
vegetation-related features of the
Earth's surface, and to develop methods
for observing and analyzing these data
and for extracting information about the
Earth's surface, nature, and dynamics.
The FY 1983 research was expanded
from previous years' work on crop
specific techniques to include research
on all types of vegetation and global
surveying applications. The ITD/SR
projects are managed by NASA with
participation by USDA and NOAA.

The ITD/SR research expands and
improves upon the remote sensing
technology developed in previous years,
and beginning in FY 1983, it focused on
corn/soybeans identification, vegetation
mapping, TM, AVHRR, microwave and
soils research, and estimation of
biophysical characteristics.

4.2.1 Technical Objectives

The FY 1983 technical objectives
were focused on the following:

e The testing of a crop temporal profile
technique for corn/soybeans identifi-
cation in Argentina.

® An evaluation of the use of TM data
for corn/soybean identification.

® An evaluation of the use of TM data
for land cover separability.

e An assessment of the capabilities of

the AVHRR for vegetation
monitoring.
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e A determination of the spectral
separability of forest species by
different sensors.

e Continued research in the determina-
tion of quantitative relationships
between soil properties and spectral
response.

® Research and development on the
estimation of biological productiv-
ity - especially forests, grasslands,
and cultural vegetation - from
remote sensing.

4.2.2 Corn/Soybean ldentification

Argentina

A crop temporal profile technique
was developed during 1982 to permit
multidate Landsat spectral data to be
interpreted in terms of key vegetation
growth parameters. The resultant
parameters, such as date of emergence,
peak greenness, length of the growing
season, and maturity stage, can be
uniquely related to specific crop types.

A typical crop temporal profile uses
three features - the maximum value of
greenness, the time distance between
inflection points of the fitted profile,
and the time of peak greenness - to auto-
matically label and separate corn and
soybeans using Landsat spectral data. As
reported in the 1982 AgRISTARS
Research  Report, the relationship
between these features and crop type
was shown to be stable for corn and soy-
beans over large areas of the United
States for 3 consecutive vyears. The
higher accuracy for crop identification
and proportion estimation obtained using
this technique needed only to be tested
in a foreign corn/soybeans region.

During FY 1983, this technique was
applied to six segments in Argentina
using Landsat-2 and Landsat-3 M SS data.



The same three profile features used in
the U.S. study provided corn and soybean
discrimination in Argentina. Results on
Argentina segments using the automated
profile technique gave a crop proportion
estimate within 2 percent of those

results using ground-truth labels (fig. 16).

(a) Reeulte obtained by using
ground-truth labels for corn, soy-
beans, and other crops to train the
temporal profile classifier.

(b) Results obtained by automati-
eally training the profile classi-
fier using decision rules developed
over only four segments within the
United States.

FPigure 16.~ Classification results,
segment 0682, Salto, Argentina.

lowa

A multitemporal set of TM and T™
simulator (TMS) data for Webster
County, lowa, was converted to TM
greenness, and the multispectral profiles
extracted were the same as those used
with MSS data in the Argentina test.
The profile features were found to be the
same using MSS and TM data, and the
performance accuracy was, on the
average, 8 percent higher using TM data
compared with MSS data. The increased
accuracy was the result of a combination
of better resolution, improved wave-
length coverage, and a better S/N ratio.

Figure 17 shows the results of the TM
classification: red is corn, blue is
soybeans, and black is everything else.
Figure 18 shows the areas of disagree-
ment between ground survey data and
clas: “ication results for soybeans. Red,
pin’  and green are the only areas of

dic ~ment. The classification
a: -~ for corn is 96 percent and for
s . is 90 percent.

been demonstrated that the

ile features apply in four years

“474 to 1982 for two different sen-
v+~ as and two different countries.

w2 gs analyses of TMS data have
cswee thoot bands 1 through 4 of the T™M
~rz wio cotimum for the separability of
EE soybeans in lowa in early

: sut the mid-infrared bands pro-
= wsitional separability during this
An analysis of the three TMS

¢ - -nd three TM scenes acquired
¢ - -« .tral lowa was undertaken to test
th-.  arlier findings and to determine
b ne additional amount of informa-

tio provided by the mid-infrared spec-
tral bands throughout the crop year and
the effec of the increased TM quantiza-
tion levels on corn/soybeans separability.
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Figure 17.- A color-coded classification map of a ™ scene. Red = corm;
blue = soybeans; black = other.
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Figure 18.- A color-coded misclaseification map of a ™ scene. Yellow =
complete agreement between corn and soybeans; green = ground survey soybeans
migsed by classifier, blue = ground survey corn; pink = ground survey corn
called soybeans; and red = classifier-called soybeans called other by ground
survey.
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The separability measure used in this
study was the Fisher Information
function. It was calculated using all
seven spectral bands and the four visible
and near-infrared bands. A value of 1.0
for this function indicates that two
species are completely distinguishable
and a value of 0 indicates that no separa-
bility exists. Figure 19 shows that
September 3, 1983, was the best separa-
bility date using only the visible and
near-infrared bands. The mid-infrared
bands provided a separability on july 31,
1983, comparable to that on Septem-
ber 3, 1983, This result corroborates
previous results using 1981 helicopter
spectrometer data over this same sample
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Figure 19.- Separability results for
corm and soybeans using the Fisher
information function on multi-
temporal ™ and TS data over
Webster County, Iowa, 1982.
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segment, Early in the crop year (June
23), bands 1 and 3 (blue and red) were the
best single bands. Later (August 2),
bands 5 and 7 (mid-infrared) were best.
In early September, both the mid-
infrared and near-infrared (bands 4 and
5) were best. During harvest (October
21), the thermal (band 6) was the best
single band.

4.2.3 Land Cover Separability

Planned research using TM data was
impacted by the loss of the sensor acqui-
sition capabilities. However, extensive
single-date analysis in class separability
was achieved from data acquired on
August 22, 1982, over northeast
Arkansas. An assessment of the relative
contributions of the reflective bands (the
TM thermal band was not included) to
separabilities was completed. The basic
data set consisted of four study sites
which represented a wide variety of
crops, land cover types, and range of
conditions.

From these sites, approximately 1600
pixels that were ground verified were
submitted to feature separability and
subsequent classification algorithms. All
possible band combinations were
analyzed. Figure 20 represents the over-
all results achieved: (1) all bands; (2) the
best three-band combination; and (3) the
MSS "equivalent' bands for the 21 dif-
ferent categories. Figure 21 depicts the
results from all three-band combinations.
The primary result from these analyses
revealed that performance was most
sensitive to the inclusion or exclusion of
bands 4 or 5.

The results of these experiments
were achieved from a single data set, at
a single acquisition period, and at con-
ditions specific to that geographic region
and time period. However, these caveats
can also be viewed as components of a
*worst case® situation, whereas a sub-
stantial number of classes (21) with
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Figure 20.- Single-date TM analysis of Arkansas scene, August 22, 1982.
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Figure 21.- Band combination analy-
sis using single-date data, Arkansas
scene, August 22, 1982.

single~date data achieved separability
performances comparable to previous
results with MSS over a smaller number
of classes that required multitemporal
data.

In another study in northeast Okla-
homa, supervised, maximum-likelihood
classifications of Seasat, Shuttle Imaging
Radar A (SIR-A), and Landsat pixel data
demonstrated that SIR-A data provided
the most accurate discrimination (72
percent) between five land cover cate-
gories - cropland, pasture, forest, water,
and urban. Furthermore, spatial averag-
ing of the synthetic aperture radar (SAR)
data significantly improved classification
accuracy because of a reduction in the
effects of both fading and natural,
within-field variability. As expected,
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Welghted Overall Percent Accuracy

multisensor classifications of field-
averaged data show that the addition of
L-band radar to Landsat data signifi-
cantly improves classification accuracy
(figs. 22 and 23).

4.2.4 AVHRR Vegetation Monitoring

The investigation to assess the
capabilities of the AVHRR for vegeta-
tion monitoring has focused on the
development of technology as well as on
an evaluation of the sensor's information
content to provide a synoptic view that
will permit the classification of the land
surface into regional-level major eco-
system classes. Procedures that esti-
mate or correct for the atmosphere have
been evaluated. Thus, a good under-
standing of the conditions and limitations

Summary of Per-Pixel Supervised Classifications

Figure 22.- Accuracy of per-pizel
superviged land cover classifica-
tions of northeast Oklahoma.



Welghted Overall Percent Accuracy

Sumary of Multi-Channel Supervised Classifications

Figure 23.- Accuracy of field-based
single and multichannel supervised
land cover classification of north-
east Oklahoma.

for use of the sensor has been attained
(fig. 24). Preliminary analyses have also
been performed to estimate the feasibil-
ity of using AVHRR data to distinguish
land surface characteristics for use in a
multistage sampling approach to land
cover inventory and mapping. Results
generally indicate that good separability
exists between Level 1 Anderson land use
classes,

The AVHRR ground track progresses
from west to east, so that with daily
acquisitions, multiple viewing angle data
may be obtained. Because of the non-
Lambertian nature of the surface, differ-
ent amounts of shadow are viewed at dif-
ferent angles, providing either a source

of noise, if it is desirable that the scene
appearance be independent of view, or a
source of information, if the desire is to
determine characteristics of canopy
structure from these data. Figure 25
shows the pattern of change in the Gray-
McCrary Index (GM1), AVHRR
channel 2 - channel 1, for five scenes as
the NOAA-6 AVHRR moved across the
scene over 6 consecutive days, July 9-15,
1980. In this figure the sun is to the
right, and pixels numbered near zero are
to the far west end of the scan. Differ-
ences in the patterns of pine, hardwood,
and crops indicate there is information
concerning the nature of the canopy in
multiple viewing angle data. In this
figure the dashed curve represents the
effect of viewing angle on a Lambertian
model, with a light haze atmosphere
indicating how poorly the Lambertian
assumption simulates the radiative
properties of these vegetative surfaces.
4,2.5 Forest Species Separability
Remote sensing data can be used to
stratify a scene into its various
structurally distinct categories prior to

estimating LAl or other biophysical
characteristics. In anticipation that the
relationships between LAI and

reflectance might be species dependent,
a number of studies were conducted to
determine which species might be
spectrally distinct.

Landsat MSS data and aircraft TMS
data acquired over test sites within the
Superior National Forest of Minnesota
were analyzed using a clustering algo-
rithm, CLASSY., CLASSY was specifi-
cally designed to determine the
spectrally distinct components of
spectral reflectance data.

Five distinct classes appeared in the
MSS data and fifteen distinct classes
appeared in the TMS data. Higher spa~
tial resolution and a larger number of
spectral bands account for the increase
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(a) AVHRR.

(b) MSS.

in the number of distinct classes appear-
ing in the TMS data. In the MSS data
black spruce was confused with jack
pine, but it was separable from aspen. In
the TM S data, all classes observed in the
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Figure 24.- A three-sensor view of
Lake Chicot, Arkansas, September 23,

1982.

MSS data were distinguishable. In addi-
tion, classes not distinguishable in the
MSS data, such as brush areas, bogs,
aspen-pine mixes, and burn areas, were
distinguished in the TMS data.
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The Fisher Information function was
used to quantify the spectral separability
of the various boreal forest species. This
function is a measure of the overlap in
'spectral space between the spectral
reflectance distribution functions found
by CLASSY for the various species in the
scene. In general, the conifers (black
spruce and jack pine) are very distinct
from the deciduous trees (birch and
aspen). However, species within the
conifer and deciduous categories are not
very separable. ' Hence, other dates,
bands, and multitemporal data will be
explored to ascertain the separability
that may be achieved.

Another study was conducted using
TMS for assessing northern forest cover
types. The objectives were to determine
those TM wavebands most useful for dif-
ferentiating northern forest cover types,
and to obtain a baseline assessment of
classification accuracy due to waveband
combination (fig. 26). TMS data and
coincident aerial photography were
collected over a 23,200-hectare forested
area near Baxter State Park in north

central Maine. The results of the dis-
criminant analyses suggest that useful
waveband combinations include at least
one band from the visible (0.4 to
0.7 millimeter), and one band from the
mid-infrared (1.3 to 3.0 millimeter)
spectral regions. The blue band proved
most useful for discriminating coniferous
defoliation categories, especially in
differentiating healthy conifer stands
from those damaged by the spruce bud-
worm. An analysis of the classification
accuracies indicated that most of the
useful spectral information was con-
tained in the first three bands. The two
mid-infrared bands provided significant
spectral information for differentiating
all cover type groups considered. The
second mid-infrared band proved most
useful for coniferous defoliation
assessment, while the first proved most
useful for differentiating all cover types.

Three of the four most useful wave-
bands for discriminating northern forest
cover types (bands 1, 5, and 6) are not

available on the Landsat-1 through
CATEGORY DENSITIES
SEGMENT = JEAN157
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Figure 26.- Spectral separability
results for tree species within the
boreal forest of Minnesota, using
the Fisher information funetiom on
channel 4. BS = black spruce,

JP = jack pine, RP = red pine,

BIR = birch, ASP = aspen.
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Landsat-4 MSS's, Hence, significant
improvements may be expected in the
ability to spectrally differentiate the
more detailed land cover categories
using TM data.

Another study was designed to deter-
mine the information content of the TMS
data acquired over the Clearwater
National Forest, ldaho. Supervised and
unsupervised classifications were
performed on the TMS data to evaluate
the use of conventional, "on-the-shelf®
techniques for extracting land cover
resource information.

Results from the TMS analysis
revealed that the use of conventional
digital image processing, incorporating
maximum likelihood classification, pro-
vides a readily available technology for
TM data analysis. In addition, it was
found that the increased number of spec-
tral channels on TM were of significant
value in improving classification accu-
racy. Additional findings from this
analysis were: (1) TMS 7-channel,
30-meter, 8-bit radiometry yielded a
higher classification performance than
did 3-channel, 60-meter, 6-bit M SS-like
data; (2) optimal channels for forest
structure discrimination are from a wide
range of the electromagnetic spectrum
(visible, near-infrared, mid-infrared and
thermal); (3) manually interpreted color
composites of channels 7 (thermal), 4
(green) and 2 (blue) provided the best
results for forest structure discrimina-
tion; and (4) the increased level of scene
noise due to the increased spatial resolu-
tion of TM data may degrade per-pixel
classification performance; therefore,
techniques such as contextual classifiers,
spatial data aggregation, and logic
models should be evaluated as methods
to more fully utilize TM data.

The East Texas Radar Experiment has
a long-term objective, the goal of deter-
mining how well various classes of vege-
tation can be separated in a southern
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temperature forest. Classes of forest
characterized by species, age, and stand
density were selected as a test bed for
this research. The short-term objective
is to use scatterometers (nonimaging
radars) for selection and design of
imaging radars. Aircraft flights in
September 1981 provided data from
multiparameter scatterometers; multi-
mode, X-band SAR; TMS; and color
infrared photographs. Landsat MSS data
were obtained earlier. The multiparam-
eter scatterometer data have been
analyzed using a simple single-feature,
two-class separability measure. L-band
(20-centimeter) cross-polarized data,
horizontally acquired/vertically trans-
mitted (HV), are useful for separating
trees from other features and for dis~
criminating between individual tree
classes and non-tree classes, such as
clearcut and grassland. Separability
between various tree classes is best
demonstrated by C-band (6-centimeter),
cross polarization (HV). Figure 27 shows
radar backscatter in decibels plotted
against the number of readings for pine
and hardwood classes. The classification
error rate for these two classes is above
14 percent.

The multiparameter scatterometer
data have also been analyzed using linear

2504
+PINE

;200- A HAROWOOD
8
2 1504
Q
&
319
w
£

50

o‘ T ¥ T L) T v T L

-3 -12°'-1 -1 -9 -8 -7 -6 -8

K-BAND, VV POLARIZATION, 40° DEPRESSION ANGLE

Figure 27.- Radar backscatter histo-
gram: pine versus hardwood.



discriminant analysis, which is a multi-
class, multifeature classifier. Higher
frequency (C-band and Ku-band) gives
the best overall classification accuracy,
on the order of 50 percent; the addition
of another frequency or polarization
increases the classification accuracy to
about 64 percent, while use of multiple
angles further improves the accuracy to
about 72 percent. The vertical transmit
polarization seems to be very important
in achieving good overall classification
accuracy.

The X-band SAR data require digital
preprocessing to obtain better quality
images. In addition, the airborne TMS
measurements must be preprocessed to
conduct a synergistic study of optical
and microwave data for forest
classification.

4.2.6 Soils Research

The soils research effort is directed
toward developing quantitative relation-
ships between soil properties and spec-
tral response to estimate specific soil
physical, chemical, and interpreted
properties related to biological produc-
tivity, biogeochemical cycles, and
hydrological cycles.

Within the past vyear significant
progress was made in the soils area.
Laboratory soil reflectance measure-
ments were used to simulate Landsat
MSS digital counts for clear and turbid
atmospheres and were found to be within
the range of values for soils seen in
Landsat data (fig. 28). Reflectance
curve forms representing genetically
homogeneous soil properties were found
to be separable in greenness and bright-
ness vector space. Organic matter con-
tent could be stratified into 0- to 2-per-
cent and greater than 2 percent, with
80 percent accuracy. This technique of
converting reflectance data from con-
trolled experiments to simulated Landsat
digital counts will enable researchers to

LABORATORY REFLECTANCE - NO ATMOSPHERE
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Figure 28.- Location of reflectance
spectra curve types of high and low
organic matter in greenmness and
brightness vector space.

account for the effect of soil on
vegetation-spectral relationships, to
conduct sensitivity analyses of the effect
of soils on spectral models, and to
develop a better understanding of the
relationships of spectral and physical-
chemical properties of soils.

Landsat TM data acquired over two
different regions (Mississippi River
alluvium and glacial till in Webster,
lowa) were evaluated to assess field soil
effects on vegetated landscapes and to
determine whether TM spectral bands
provide information for soil association
maps. Results from these studies indi-
cate that the TM provides information
which is related to the soil properties.
Within the alluvium, the most useful
bands for identifying soil association
boundaries located by USDA's general
soil maps (see fig. 29) were the 0.76 to
0.90 millimeter, the 1.55 to 1.75 milli-
meter, and the 10.4 to 12.5 millimeter.
within the glacial till region, aircraft
TMS and Landsat-4 TM data acquired
over soils ranging from bare to fully
vegetated cover indicated that key soil
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properties (i.e., soil moisture regime)
could be separated throughout the
growing season. The September 3, 1983
TM data, even with a vegetated cover of
greater than 90 percent, separated the
soil moisture regimes with 72.5 percent
accuracy for soils covered by corn and

68 percent accuracy for soils covered by
soybeans. These results indicated that
the improved spectral and spatial resolu-
tion of TM offers the potential to sepa-
rate important soil properties, even in
regions with similar soils and under a
dense vegetation canopy.

MISSISSIPPI COUNTY, ARKANSAS

N

TM BANDS, 155 1.75um

THEMATIC MAPPER (TM) DATA ACQUIRED AUG. 22, 1982

LEGEND
GENERAL SOIL MAP

SOIL ASSOCIATIONS

m Armagon Dundee Crevasse assocation  Poorly
drained and somewhat poorly dramned sols that
are loamy throughout and excessively drained
sctls that are sandy throughout

m Sharkey-Steele association. Poorly drained sois
that have a thick clayey subsorl and moderately
well deained soils that are sandy «n the upper
part and clayey n the lower part

Sharkey-Crowiey association: Poorly drained
s0ils that are clayey i1t some part of the subsort

m Tunica-Bowdre Sharkey assocution Moderately
wall desined and pooriy deained soHs that are
clayey in some part of the subsod

E Convent Morganfieic Crevasse association. Some
what poorly deained soils thet are loamy through
out and excassively dramned soils that are sandy
throughout

Alligator Eatle assocation Poorly deamned and some
what poorly drained sotls that have a dominantly
clayey subsos)

Pigure 29.- ™ band 5 overlaid on Missiesippi County, Arkansas, general soile

map .
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4.2.7 Biophysical Characteristics

Estimation

The distribution, dynamics, and com=-
position of vegetative land cover are
prime factors in the global energy
balance. Vegetative evapotranspiration
affects global circulation and patterns of
precipitation and temperature. Biologi-
cal productivity of land-related vegeta-
tion plays a key role in determining the
amount of carbon dioxide in the atmos-
phere. Vegetation structure determines
the ratio of runoff to storage and evapo-
ration in the hydrologic cycle. Existing
process models require a knowledge of
the global distribution and dynamics of
the attributes of land-related vegetation.
Currently, this information is not very
accurate or complete. Improvements in
the estimation of vegetation characteris-
tics, temporal changes, and distribution
patterns are needed to provide an under-
standing of global processes. Remote
sensing can provide critical inputs to
process models which predict biological
productivity and biomass based upon
known physical and biological principles
and remotely sensed parameters such as
LAl, canopy temperature, and soil
moisture,

The current research in biophysical
characteristics has concentrated on the
remote estimation of the biological pro-
ductivity of forests, grasslands, and
cultural vegetation, especially the rela-
tionships bet